Background. Although the Congo basin is the second largest river basin in the world and it has been considered a biodiversity hotspot for fish, still many parts of this basin remain poorly studied. In this study, we examined the poorly known ichthyofauna of three major north-eastern tributaries of the Congo basin (Itimbiri, Aruwimi and Lindi/Tshopo). A checklist of the ichthyofauna is provided and two synonymies are presented. As such, it contributes to unraveling the poorly known fish diversity in the whole Congo basin. An improved knowledge of the ichthyofauna is a sound baseline for further studies and conservation Material and methods. Fish specimens from five recent expeditions have been identified, and the older collection material from the study area, housed at the Royal Museum for Central Africa and other institutions has been checked and re-identified when necessary. Results. In total, 320 species were recorded, 232 of which from the Itimbiri, 246 from the Aruwimi, and 187 from the Lindi/Tshopo, with the Mormyridae being the most dominant family in all three basins. Micralestes sardina Poll, 1938 is relegated to synonymy with Micralestes humilis Boulenger, 1899, and Enteromius trinotatus (Fowler, 1936) is designated as a replacement name for Enteromius tetraspilus (Pfeffer, 1896) . Within the Aruwimi, a clear difference in species richness and composition is apparent between the headwaters (Ituri/Epulu) and the lower reaches near the Congo main stream. The headwaters are characterised by low species richness, with the Cyprinidae being the most dominant family, while the lower reaches are more species rich, with mormyrid species being the most dominant. The presence of two waterfalls on the Ituri/Epulu has a noticeable impact on the fish distribution. Finally, the hypothesis that an ancient connection between the north-eastern part of the Congo basin and the region of the Albertine Rift is still reflected in their present ichthyofauna is not confirmed. Conclusions. This study provides a first checklist of the ichthyofauna in the north-eastern tributaries of the Congo basin, and illustrates the influence of physical barriers on fish diversity and distribution.
INTRODUCTION
With a catchment area of about 3 700 000 km 2 , the Congo is the second largest river basin in the world, only preceded by the Amazon (Runge 2007 , Snoeks et al. 2011 . It is known for its very high fish diversity with about 986 valid species, excluding the basin of Lake Tanganyika (Froese and Pauly 2017), and is a recognized hotspot for fish diversity (Snoeks et al. 2011) . Additionally, it has a high degree of endemism estimated at about 75%, even when excluding the Lake Tanganyika endemics (Snoeks et al. 2011) . Nevertheless, large parts of the Congo basin remain unexplored and/or poorly studied. The last decade, surveys and studies have been undertaken on several parts of the Congo basin to improve our knowledge of the ichthyofauna (e.g., Hanssens 2009 , Lowenstein et al. 2011 , Monsembula Iyaba et al. 2013 , Van Steenberge et al. 2014 , Wamuini Lunkayilakio unpublished ** ). These studies have led to a significant increase in the number of documented species in the explored areas, and the description of several new species.
The presently reported study focussed on the ichthyofauna of the three most important north-eastern tributaries of the Congo River downstream of the Wagenia Falls, that are not part of the Ubangi system: the Itimbiri, Aruwimi, and Lindi/Tshopo rivers (Fig. 1) . These tributaries are the three major right-bank systems of what is considered the Cuvette Centrale (Central Basin) according to Abell et al. (2008) . The Cuvette Centrale covers the largest zone of lowland rainforest in Africa, is completely flat, and its major habitat type is 'moist forest rivers' (Thieme et al. 2005) . The Aruwimi has the largest surface area of the three. Its upper part, up to the confluence with the Nepoko, is called the Ituri, with the Epulu River as its most important right bank affluent. The Ituri contains several stretches of rapids and waterfalls that might influence fish species composition (Thieme et al. 2005) . One of those, the Arabia Falls, is located just upstream of the confluence of the Epulu with the Ituri, and as such isolates the Epulu from the rest of the Ituri. These upper parts of the Aruwimi are located in the dense Ituri tropical rainforest, which is known to have an organic-rich nature (Koenig 2008 ). This area is situated relatively high, up to 1350 m on the highest hills near the Epulu, and the bottom of the rivers are here mainly rocky (Katuala et al. 2005) .
The easternmost parts of these north-eastern affluents are located close to the Nile system, but are separated from it by a series of mountain chains in the East African Rift System (EARS). Before the tectonic uplifting in the area during the Late Miocene/Pliocene (ca. 7.5-2.5 MYA), a paleo-lake Obweruka existed in the Albertine rift, roughly where now lakes Albert and Edward (currently draining into the Nile system) are situated, and which was connected with the proto-Aruwimi of the Congo basin Pickford 1999, Van Damme and Van Bocxlaer 2009) . This ancient connection between the Congo and the Northern Albertine Rift Lakes may still be reflected in the present ichthyofauna. Although ichthyofaunal exchange between the Congo and Nile systems has been studied via other pathways such as the Lualaba (Cahen 1954 , Poll 1963 , Banister and Baily 1979 , Beadle 1981 , such an exchange via the Albertine rift region has never been investigated for the Ituri region. Our study provides:
• A review of the diversity of the ichthyofauna of some poorly explored north-eastern affluents of the Congo basin; and • An examination of ichthyofaunal similarities between the Congo and the area of the Northern Albertine Rift in the Ituri region.
MATERIAL AND METHODS
The following abbreviations are used through the text: DRC = Democratic Republic of the Congo, HL = head length, SL = standard length. Institutional abbreviations for collection numbers follow Sabaj Perez (2014); hence, the conventional abbreviation MRAC is used for collection numbers of the Royal Museum for Central Africa (RMCA), Tervuren, and BMNH for collection numbers of the Natural History Museum, London (NHM). The above-mentioned expeditions have been carried out in accordance with the country's regulations.
Older collection material from the study area, curated at the Royal Museum for Central Africa (RMCA), has been checked and re-identified when necessary. The data was complemented with collection records from other institutions: the Natural History Museum, London (NHM), Musée National d'Histoire Naturelle, Paris (MNHN), Cornell University, Ithaca (CU), and the American Museum of Natural History, New York (AMNH); identifications were checked when necessary. Identifications were mainly based on revisions of families and genera, and the original species descriptions. For three groups, identifications were performed by other specialists: Nothobranchiidae and Poeciliidae by Jouke Van der Zee and Rainer Sonnenberg, and Nannocharax by Fernando Jerep (MCT-PUCRS). For species numbers and further analyses, only records for which the identification was checked, have been included. In a few cases not all data was available; the voucher specimens could not be traced, were too damaged to allow proper identification, or the collection locality was judged unreliable. When species were only known from the study region from these dubious records, they were considered as possible incorrect species records. They are listed as such in Table  1 (see below) with a question mark, but were excluded from the analyses.
To examine possible ichthyofaunal similarities between the study region and the Albertine Rift region, our compiled species list was compared with museum records (RMCA and other institutions mentioned above) from the region of the Albertine Rift. The identifications of records of shared species in the Congo and Albertine Rift region were then verified.
As both the headwaters and the lower reaches of the Aruwimi basin have been intensively sampled, we had the opportunity to further explore the distribution patterns within this basin and assess the possible influence of rapids and waterfalls in the headwaters. For this, the Aruwimi has been divided into different sections, labelled A1, A2, A3, A4, A5, A6, A7, A8, and A9. The length of the Epulu River, from the most upstream sampling site downstream to the Arabia Falls near its mouth, comprising about 130 km, has been taken as the unit of reference. The Aruwimi basin has thus been divided into sections of about 130 km, with A1 being closest to the main stream, and A9 the most upstream section (Fig. 1) . A5 up to A9, the upstream sections of the Aruwimi basin, are called the Ituri River. A5 is the section downstream of the confluence of the Epulu with the Ituri, A6 is the Epulu itself, and A7-A9 are sections of the Ituri River upstream of this confluence.
In order to visualize the degree of (dis)similarities between the different sections of the Aruwimi basin, a correspondence analysis on the presence/absence matrix (Manly 1994) of the ichthyofauna in the Aruwimi has been carried out. The main goal of this analysis was to transform a table of numerical information (0/1 in our case) into a graphical display, in which each column (representing the river sections) is depicted as a point. River sections with a more similar species composition are situated more closely to each other on a two-dimensional graph. 
Aplocheilichthys huterauti (Boulenger, 1913) + ---Hylopanchax silvestris (Poll et Lambert, 1958) + + + -Hypsopanchax platysternus (Nichols et Griscom, 1917) - + ---+ = present, -= absent, E = endemic to the study region, I = introduced, ? = record not confirmed.
RESULTS

THE ICHTHYOFAUNA OF THE NORTH-EAST-ERN TRIBUTARIES
The identifications of the specimens from the five expeditions from 2009-2014, combined with the older collections at the RMCA and other institutions, resulted in a total of 320 species, belonging to 28 families and 114 genera: 232 in the Itimbiri, 246 in the Aruwimi, and 187 in the Lindi/Tshopo. These numbers include all species that were recognized in the region, including species that still need to be described (see below), but excluding the doubtful records (see above). An overview is given in Table 1 . Presence or absence is indicated for the three tributaries studied. In addition, we provided separate entries for the Ituri to better illustrate its particular species composition. In all three tributaries, the Mormyridae was the most dominant family, representing respectively 17.7%, 17.9%, and 19.3% of the species richness of the basins (Fig. 2) . The next three dominant families, though not in the same order in each of the three systems, were the Distichodontidae, Alestidae, and Cyprinidae. Eleven out of the 320 species (3.4%) are endemic to the region, eight of which from the Ituri ( Table 1) . The other three are endemic to the (lower reaches) of the Itimbiri. Four species have been introduced (Table 1) , all of them belonging to the family Cichlidae and occurring in the Ituri River.
Several records of the collections of the RMCA, NHM, AMNH, and CU have been re-identified, resulting in the removal of some species from the species list of (a part of) the study area. These re-identifications have been listed in Table 2 .
Among the 320 listed species, 10 are (probably) new to science and await formal description. These possible new species, and species that have an uncertain taxonomic status are discussed below, together with some other taxonomic issues.
Mormyridae. The region is characterized by an extraordinary diversity of mormyrid taxa, 59 species in 13 genera (Table 1) . One species awaits formal description: Marcusenius sp. 'ruiki' (Sullivan pers. comm.). This species resembles the most Marcusenius moorii (Günther, 1867) but differs from the latter mainly by its straighter head profile, higher number of anal fin rays, and lower dorsal fin/anal fin ratio.
One mormyrid specimen of the genus Petrocephalus could not be assigned to any of the valid Congolese species, but fitted the description of Petrocephalus simus Sauvage, 1879 described from the ichthyofaunal province Lower Guinea. Since P. simus most probably does not occur in the Congo basin (Lavoué et al. 2010, Lavoué and Sullivan 2014) , the specimen is identified as Petrocephalus sp. 'simus Congo' (see also Decru et al. 2016a) .
We experienced identification problems for Petrocephalus binotatus Pellegrin, 1924; Petrocephalus arnegardi Lavoué and Sullivan, 2014; and Petrocephalus boboto Lavoué et Sullivan, 2014 . The latter two have recently been described from the Odzala National Park in the north-western part of the Congo basin (Lavoué and Sullivan 2014) . However, when identifying, we were unable to assign the P. binotatus-like specimens from our study region with certainty to one of these three species. The specimens examined often displayed a combination of characteristics of P. binotatus and P. arnegardi. We encountered for example specimens with a large mouth like P. binotatus, but with only 21-22 branched dorsal rays, which is characteristic for P. arnegardi. Furthermore, morphological variation within P. boboto is currently unknown, because the only specimen is the holotype. Lavoué and Sullivan (2014) also described differences in electric organ discharges between the three species. However, since no live specimens were available to us, this identification technique could not be used. Therefore, in this study, the three species are grouped together and given the oldest name: P. binotatus.
Kneriidae. Kneriidae is a family of small fish species.
Grasseichthys is considered a paedomorphic kneriid genus, due to its rather peculiar, larval-like appearance, very small size, and lack of skeletal ossification (Schelly 2007) . To date, the genus is still monospecific, with Grasseichthys gabonensis Géry, 1964 as the only valid species, occurring in a few scattered localities in the Ivindo and Ogowe basins in Gabon, and in the Congo basin. The population in the Congo, however, represents a separate species that still needs to be described (Schelly 2007) , and which is for now indicated as Grasseichthys sp. 'Congo'. Only one specimen of G. sp. 'Congo' has been recorded from the study area (RMCA collections), but the specimen was on loan and the identification could therefore not be checked. In addition, because the specimen is recorded from a doubtful locality, it is listed with a question mark in Table 1 . The fact that few specimens of this putative new species are recorded (only one from the study region), could be due to sampling bias, as the species is very small and can virtually only be captured with small mesh size scoop-nets, a fishing technique which in our case has only been used when sampling the Ituri/Epulu region.
The only other species of the Kneriidae occurring in the study region is Parakneria cameronensis (Boulenger, 1909) . Apart from the records from the study region, the species only occurs in Lower Guinea and the Dja River (Schelly 2007) . Therefore, the occurrence of the species in the Aruwimi and Itimbiri would mean that the species has a very wide and scattered distribution, which seems rather unlikely. However, no morphological differences could be found between the specimens from the study region and P. cameronensis. Cyprinidae. After the Mormyridae, the Cyprinidae was the most species-rich family in the area. Especially in the Aruwimi, the diversity of Cyprinidae was very high. This family is one of the most abundant freshwater fish families in Africa. Many cyprinid fish have a wide distribution and Aruwimi (grey) and Lindi/Tshopo (white) display geographical variation; revisions are scarce and often confined to small study areas. As such, many species of this family are difficult to identify, especially species of the genera Enteromius and Labeo. From the former, 90 species are known to occur in the Congo River; many display only minor morphological differences and identification keys are lacking (Van Ginneken et al. 2017) . Therefore, we depended mostly on the original descriptions and a compilation of the main characteristics made by EV. Some Enteromius specimens could not be assigned with certainty to any of the valid species. The first group of specimens is listed as Enteromius sp. '10 cps', which is most similar to Enteromius atromaculatus (Nichols et Griscom, 1917) but has 10 caudal peduncle scales instead of 12. The second group is called Enteromius cf. brazzai, the specimens of which are more slender than Enteromius brazzai (Pellegrin, 1901) , and have a different colour pattern. A DNA barcoding study (Decru et al. 2016a ) also revealed that these specimens formed a separate (Poll, 1939) was recorded from the Ituri basin (Lambert 1961 , RMCA database), although it was described from Lake Kivu. Specimens from the Ituri identified as E. pellegrini have been compared with the type series of E. pellegrini. The Ituri specimens have a longer dorsal fin, but this could be due to damage, as the dorsal fins in the four types of E. pellegrini seem to be slightly broken. A recent study on some Enteromius species (Van Ginneken et al. 2017 ) revealed that in every river stretch in the Congo basin that was studied, morphologically very similar, but distinct species occurred. Therefore, we assume that the population in the Ituri River is not conspecific with E. pellegrini from Lake Kivu, although a further morphological and genetic revision will be necessary. The meristics and colour pattern of these Ituri specimens fit the description of Enteromius trinotatus (Fowler, 1936) , described from the Ituri River near Saidi's village (3°50′N, 27°19′E), the type series of which could not be sent on loan and examined. Hence, we consider the Ituri population previously identified as E. pellegrini to be conspecific with E. trinotatus (see below).
Additional problems exist within the genus Enteromius, since the study of Van Ginneken et al. (2017) revealed the existence of several cryptic species. Further examination and comparison with more specimens is needed, however, to delineate and describe the putative new species. Thus, although we are aware that our samples of Enteromius miolepis (Boulenger, 1902) ; Enteromius holotaenia (Boulenger, 1904) ; and E. atromaculatus are probably polyspecific, they are still presented here under one taxon name.
Labeobarbus mirabilis (Pappenheim, 1914) and Labeobarbus mawambi (Pappenheim, 1914) are both species described from the Ituri River at Mawambi, and only known from their holotype. As a morphological study indicates that L. mawambi is most probably a junior synonym of L. mirabilis (see Decru et al. in preparation * ), only the latter name is mentioned in the species list.
For the genus Labeo, despite the two existing revisions (Reid 1985 , Tshibwabwa 1997a , 1997b , many species delineations remain unclear, and identification problems persist (see also Decru et al. 2016a) . A separate morphological study has been done on Labeo altivelis Peters, 1852 and Labeo weeksii Boulenger, 1909 revealing that both species are synonyms (Van Steenberge et al. 2017) . Therefore, only the oldest available name, L. altivelis, is listed in the present paper.
Within the genus Leptocypris, several specimens from the study area resemble Leptocypris lujae (Boulenger, 1909) , but lack the characteristic black dots on the flanks. Since we could not find any additional morphological differences, even after a more in-depth morphological examination, we identified them as L. lujae. Hepsetidae. Recent revisions revealed the existence of six species instead of one species within this family (Decru et al. 2015) . The specimens of the north-eastern tributaries belong to Hepsetus microlepis (Boulenger, 1901) . Alestidae. Two new alestid species were recently found in the study area. The first is Brycinus sp. 'hepsetus', which is mainly characterized by its prognathous upper jaw and high number of premaxillary teeth (Kone and Vreven pers. comm.). Initially, the specimens of this species were usually identified as Brycinus macrolepidotus Valenciennes, 1850, which was supposed to occur in West Africa, the Nile system, as well as the Congo basin. Since the population of the Congo turned out to represent a new species, B. macrolepidotus is now considered absent from the Congo basin (Kone and Vreven pers. comm.). The second new species in the region is Brycinus epuluensis Decru, Vreven, Sadio et Snoeks, 2016, an Epulu River endemic which has recently been described (Decru et al. 2016b) . Taxonomic uncertainties still remain in Brycinus imberi (Peters, 1852), a widespread species that appears to be morphologically very variable. An on-going study at the RMCA revealed that the species is most probably polyspecific, but awaiting further results, the non-Epulu specimens are in our study still referred to as B. imberi. Clariidae. Despite the fact that the genus Clarias has been revised by Teugels (1986) , the correct identification of specimens remains challenging, and some taxonomic problems remain. In the presently reported study, two groups of specimens resembled Clarias pachynema Boulenger, 1903, but displayed some differences with this species. Therefore, they were listed as separate taxa which we designated as Clarias sp. 'pachynema very long barbels' and Clarias sp. 'pachynema long barbels and pectorals'. The first group differed from C. pachynema by a maxillary barbel length that ranged from 204.3% HL to 323.2% HL (vs. 106% HL-188.1% HL); the other by a maxillary barbel length of 171.5% HL-235.6% HL, a premaxillary tooth plate width of 26.3% HL-31.4% HL (vs. 19.6% HL-27.6% HL), and long pectoral fins (12.6% SL-15.4% SL vs. 9.3% SL-12.5% SL) and pelvic fins (8.9% SL-11.7% SL vs. 4.9% SL-8.7% SL). A DNA barcoding study revealed these two groups indeed to be genetically distinct (Decru et al. 2016a ).
* Decru E., Walanga A., Snoeks J., Vreven E. (in preparation) Disentangling the diversity of the Labeobarbus taxa (Cypriniformes: Cyprinidae) from the Epulu basin (DR Congo, Africa).
Additionally, the identification of specimens, according to Teugels (1986) Fowler, 1936;  and Clarias liocephalus Boulenger, 1898 belong to this group. The distinction between the species is for a large part based on the development of lateral head bones, but several exceptions are known to this diagnostic character, which is moreover size dependent in some species (Teugels 1986 ). Other diagnostic characteristics to distinguish certain species have largely overlapping values. Claroteidae. Two specimens were encountered in the Itimibiri that could not be assigned to any of the valid species within this family, and were designated as Parauchenoglanis sp. 'Itimbiri'. They resemble mostly Parauchenoglanis punctatus (Boulenger, 1902) , but display a more mottled colour pattern, have a deeper caudal peduncle and longer barbels. Nothobranchiidae. Several new species of this family have been described from the Congo basin the last couple of years, even from the north-eastern part , Van der Zee and Sonnenberg 2011, Sonnenberg and Van der Zee 2012). In our study region, two species, possibly new to science, were found: Fenerbahce sp. 'Epulu', and Aphyosemion sp. 'northeast'. Additionally, the identification of some specimens was uncertain (Van der Zee pers. comm.); in those cases the designation 'cf.' was used. An on-going study indicates that some of the specimens identified as Platypanchax cf. modestus (Pappenheim, 1914) and Hypsopanchax platysternus (Nichols et Griscom, 1917) may represent a new species (Bragança pers. comm.). Awaiting further conclusions, these specimens are still listed as Platypanchax cf. modestus or Hypsopanchax platysternus. According to Wildekamp (2004) , H. platysternus also occurs in the lower reaches of the Itimbiri. However, we did not find any collection records of this species from that area, nor were collection numbers given by Wildekamp (2004) . Also in Van der Zee et al. (2015; their fig. 1 ), H. platysternus was recorded from the lower reaches of the Itimbiri. However, this was based on an error (Van der Zee pers. comm.). Cichlidae. This family gains a lot of attention of scientists, mainly because the species' flocks in the African Great Lakes provide a unique perspective to study speciation events. Riverine members of this family are less diverse. Yet, 20 species from 12 genera occurred in the study area, though four of them were most probably introduced in the wake of aquacultural activities.
'Haplochromis' is the most species-rich genus within the Cichlidae. The genus has been revised by Greenwood (1979 Greenwood ( , 1980 , resulting in 25 lineages, which he considered distinct genera. This revision was however questioned and Hoogerhoud (1984) proposed to refer to 'Haplochromis' sensu lato as prior to Greenwood's revision, and to place the genus name between quotation marks, a practice we also have chosen to follow.
Even after the revision of the genus Tylochromis by Stiassny in 1989, identification problems remain for three species: Tylochromis lateralis (Boulenger, 1898), Tylochromis labrodon Regan, 1920; and Tylochromis variabilis Stiassny, 1989 . According to the revision, T. labrodon can be distinguished from T. lateralis by a more robust lower pharyngeal jaw with mill-like, molariform teeth (vs. not robust and not mill-like), a fully ossified, closed post-temporal latero-sensory canal (vs. open), and shorter pectoral fins which rarely reach the level of the vent (vs. longer and usually reaching the level of the vent). However, when identifying our specimens, discriminating between the two species based on these characteristics was not obvious. Additionally, T. variabilis was described as a variable species (hence its name) without unambiguous morphological traits that characterise the species (Stiassny 1989) . A morphological comparison of the three species (Musschoot pers. comm.) could not confirm the proposed diagnostic characters. Therefore, they are in the present work considered a single species, for which the oldest name T. lateralis is chosen. Anabantidae. Within this family of labyrinth fishes, the genus Ctenopoma has proven to be paraphyletic (Norris 1995, Norris unpublished * ) , and should be restricted to only three species. The remaining species are transferred to either Microctenopoma (see Norris 1995) , or to another, not yet described genus. This undescribed genus is referred to as 'Ctenopoma' (see Norris 2007) , which has also been applied in the presently reported study.
MICRALESTES SARDINA POLL, 1938 RELE GA TED TO SYNONYMY WITH MICRALESTES HUMILIS BOULENGER, 1899
Micralestes humilis is a widespread species that occurs throughout the whole Congo basin. Elsewhere, it is known from Lower Guinea (Cross, Ntem, and Ogowe rivers), the Niger, and Zambezi rivers and lakes Chad, Mweru, and Tanganyika (Paugy and Schaefer 2007) . Micralestes sardina on the other hand is only known from the Upper Congo, from which it was also described (Kandulu, Luembe River, 12°46′S, 28°38′E), and a few records from the Middle Congo near Kisangani (RMCA collection). Both species are only slightly different, based on some overlapping characteristics (Poll 1967) : Micralestes humilis is said to have a larger head (3.4-3.8 vs. 3.75-4.1 times in the standard length) and fewer lateral line scales (24-27 vs. 26-28) than M. sardina. However, upon examining the types and 90 other specimens (see material examined below), no differences between the two species could be found, not even for the two diagnostic features according to Poll (1967) . Specimens of both M. humilis and M. sardina had a range of 22-28 lateral line scales and highly overlapping values for head length (as %SL). Head length was found to be negatively allometric. As the types of M. sardina are larger than the holotype of M. humilis (67.5-70.7 vs. 42 .0 mm), the larger head length in M. humilis according to Poll (1967) 2) as both taxa are primary homonyms. The holotype of E. tetraspilus, which is the only known specimen, is too damaged to be measured for morphometrical analysis to assess the taxonomic status of the species. Based on the original description, E. tetraspilus was compared with all Enteromius species from the Congo basin, using an unpublished list compiled by EV. In the combination of 31 lateral line scales, 4.5 scales above the lateral line, 7 branched dorsal fin rays and the presence of a series of round black spots on both lateral sides, E. tetraspilus resembles most E. pellegrini and E. trinotatus. However, all specimens of "E. pellegrini" from the Ituri were (re-) identified as E. trinotatus (see above). As the description of E. tetraspilus matches the one of E. trinotatus, and both species are described from the Ituri River, we regard them to be synonyms. Based on the principle of priority, E. trinotatus is a junior synonym of E. tetraspilus (ICZN 1999: Article 23.1). However, since E. tetraspilus is an invalid name, it has to be replaced by the name of the oldest available junior synonym (ICZN 1999: Article 60.1 and 60.2). As, at present, there is only one synonym known, E. trinotatus, this consequently becomes the replacement name for Enteromius tetraspilus (Pfeffer, 1896 
EXAMINATION OF CONGO-ALBERTINE RIFT ICH-THYOFAUNAL SIMILARITIES
After examination of the existing collections, 22 shared species were found between the north-eastern tributaries studied and the region of the Albertine Rift (Nile system). Taxonomic considerations concerning these species are listed below.
Six species are reported from only a single capture locality in the region of the Albertine Rift, Mahagi (Ituri district, near Lake Albert, 02°18′N, 30°59′E) and all caught during the same expedition by Schouteden in 1925: Brycinus imberi (Peters, 1852); Ctenopoma acutirostre Pellegrin, 1899; Clarias angolensis Steindachner, 1866; Clarias hilli; Enteromius atromaculatus; and Mastacembelus congicus Boulenger, 1896. We assume, in support of the suggestion by Norris (unpublished * ) on the presence of C. acutirostre in the Nile basin, that there is a problem with the accurateness of the locality reported. As Mahagi is situated very close to the Congo-Nile divide, it is possible that, during the expedition of Schouteden, collections were made in parts of the Nile as well as of the Congo basin. As such, it is possible that the specimens were actually caught in the Congo system, and that the locality is indicating the nearest large city without further detail. We thus suspect that the occurrences of these six species in the region of the Albertine Rift are incorrect and based on an imprecise notation of the capture locality.
Four of the species are tilapiines that are commonly used in aquaculture and therefore regularly introduced, i.e., Coptodon zillii (Gervais, 1848); Oreochromis leucostictus (Trewavas, 1933) ; Oreochromis niloticus (Linnaeus, 1758); and Sarotherodon galilaeus (Linnaeus, 1758) ; only the former is native to the Congo basin. Indeed, fishfarming and the introduction of tilapiine fish have been reported from the Ituri region (Depasse 1956 ). These introduced species thus do not represent the region-specific ichthyofauna and are not considered evidence for historical ichthyofaunal exchange between the Congo system and region of the Albertine Rift. 'Haplochromis' aeneocolor is a cichlid species that is not used for aquaculture, but has probably been accidentally introduced in the Ituri. In the 1950s, several unregistered transports have taken place in the region, containing juvenile and small-sized tilapiine fish. It is not unlikely that small 'H'. aeneocolor specimens have been mixed up with these tilapiine fish .
Auchenoglanis occidentalis (Valenciennes, 1840); Clarias gariepinus (Burchell, 1822); Heterobranchus longifilis Valenciennes, 1840; Lates niloticus (Linnaeus, 1758); Mormyrops anguilloides (Linnaeus, 1758); and Schilbe intermedius Rüppell, 1832 are species with a very wide distribution in Africa, beyond the Congo and Nile systems (Bigome 2003 , Paugy 2003 , Risch 2003 , Teugels 1986 , Teugels et al. 1991 . These taxa should be examined further in order to get more insight into their evolutionary and biogeographic history, as well as the phylogenetic relations between different populations. Since such information is lacking at present, these five species are not considered as evidence for ichthyofaunal exchange between the Congo and Albertine Rift system in the Ituri region. Moreover, some widespread taxa may be polyspecific. Schilbe intermedius for example contains a very high degree of intraspecific variation in e.g., the length of the barbels, head profile, snout morphology, and the presence or absence of an adipose fin (De Vos 1995) . An in-depth study of the different populations is needed and could reveal multiple species within the taxon (FishBase team RMCA and Geelhand 2016); hence the populations from the Congo and Nile systems may in fact represent separate species.
Platypanchax modestus is an aplocheiloid killifish that inhabits streams emptying into Lake Edward/George, the Semliki River, and the Upper Ituri System in northeastern DRC and western Uganda (Wildekamp 2004 ). However, preliminary morphological results indicate that the population in the Ituri in fact represents a new species (Bragança pers. comm.).
Micralestes acutidens (Peters, 1852) is another species reported from both river systems. Its presence in the Nile system is based on a single record from Kasenyi (01°24′N, 30°26′E) , on Lake Albert (MRAC 52851-52854). The identification could not be verified as the specimens could not be traced. Micralestes acutidens is often confused with Micralestes elongatus Daget, 1957 (see Paugy and Schaefer 2007) , a species that does not occur in the Congo basin; hence a misidentification cannot be ruled out.
The African tigerfish, Hydrocynus vittatus Castelnau, 1861, has a wide distribution and occurs in the Congo basin as well as the Nile system. Recently, a cytochrome b gene study (Goodier et al. 2011 ) suggested possible cryptic diversity in the species, with possibly five separate species in the Congo basin. Although no samples of H. vittatus from the Nile basin were included in their analyses, their results highlight the need of a taxonomic revision and the possibility of detecting additional species in areas outside their study region. Therefore, the population in our study region and the population(s) in the Nile system might represent separate species.
Clarias liocephalus is described from Lake Tanganyika and has, according to Teugels (1986) , a distribution area that also includes lakes Victoria, Edward/George and Kivu, smaller lakes in Uganda and Rwanda, the Bangwelu-Mweru system, the lake Malawi system, the Kagera, Malagarazi, Ruzizi, and Tana rivers. The collections of the RMCA also harbour specimens from the Itimbiri and the Aruwimi/Ituri. Clarias liocephalus belongs to a group of species which are hard to identify (see above). In several species within this subgenus, the dermosphenotic and supraorbital (lateral bones on each side of the head) are not joined to each other and may be reduced. In some species, such as C. liocephalus, this character is size dependent, with the bones being separated in small specimens and joined in larger specimens. Moreover, exceptions have been noted for this species, with large specimens in which the joining never has taken place (Teugels 1986 ). Due to these identification difficulties, we could not confirm or reject with certainty whether the records from the Itimbiri and Aruwimi/Ituri (RMCA collections) were correctly identified as C. liocephalus.
Enteromius apleurogramma is described from Lake Victoria but three records from the Ituri were present in the RMCA collections. Re-examination of these specimens however revealed that they are most probably not conspecific with E. apleurogramma (see above).
* See footnote on page 238.
As the records of shared species are either based on questionable localities, widespread species, introduced species or species in need of taxonomic revision, they hardly represent evidence of a possible ichthyofaunal exchange through the former connection between the Congo and the Nile basin via the northern Albertine Rift area.
DISCUSSION
The contribution of five years of exploration. This study provides a first comprehensive list of the ichthyofauna in some important north-eastern tributaries of the Central Congo basin. However, several taxa still cause taxonomic problems. Before the onset of this study, a list of 300 species from the region could be compiled based on the RMCA records. After a re-examination of the existing collections and those of five recent expeditions, the total number is now 320. This does not mean that only 20 additional species were discovered during the process. Indeed, after re-identification of the collections, the total number of species decreased to 279, which then added up to 320 after the recent expeditions. In the Itimbiri and Aruwimi, both the older RMCA collections and the material from recent expeditions contributed considerably to the total species diversity (Table 3) . On the other hand, not many additional species were recently captured in the Lindi/Tshopo. This is most probably due to a low sampling effort, with only one small expedition done on a small river stretch that had already been explored before. The many additional species encountered after additional sampling efforts in the Itimbiri and Aruwimi confirm that the area was until recently still poorly sampled. Especially for the Aruwimi, the contribution of the recent expeditions is relatively high (28.3%). This is mostly due to the two sampling expeditions (2009 and 2011) to the Ituri headwaters, a particularly poorly explored part of the Aruwimi. The Ituri has a very different species composition compared to other parts of the basin (see below). Many species present in the RMCA collections, were not found during the recent expeditions, especially in the Itimbiri and Lindi/Tshopo with respectively 47.8% and 58.9%. This is not unexpected as the expeditions to the Itimbiri (2009 and 2010) and Lindi (2014) only covered small parts close to the main stream. The fact that additional surveys led to many additional recorded species in the region indicates that possibly the presented inventory may not yet reflect the complete diversity in the region. Hence, the non-appearance in the list of some species from certain river stretches may as well be the result of a real absence as of insufficient sampling. However, our inventory is based on a relatively high degree of sampling compared to other areas in the basin and should cover a good representation of the actual diversity. Endemics and introduced species. Only 11 of the documented species (3.4%) are endemic to the study region (Table 1) . Eight of these occur in the headwaters of the Aruwimi (Ituri/Epulu). The multiple waterfalls and rapids on these headwaters could form a barrier for fish dispersal and isolate the upstream sections. As such, they most probably contribute to this relatively high number of endemics, despite that the overall number of species is low in this area (see below). In the lower reaches of the Aruwimi, such barriers are absent. Indeed, the number of species in the lower reaches is much higher (see below), but mainly consist of species that also occur in the Congo main stream, and no endemics are recorded from this river stretch. Five of the endemics in the Ituri/ Epulu belong to the family Cyprinidae, which is also by far the most dominant family in this stretch. These include Labeobarbus humphri (Banister, 1976) ; Labeobarbus mirabilis; and Labeobarbus macroceps (Fowler, 1936) . These are large species and strong swimmers that can negotiate fast-flowing waters. As such, they could be particularly adapted to zones with rapids (Welcomme and de Merona 1988) , which are abundant in the area.
All introduced species are cichlid species found in the Ituri River (Table 1) . Aquacultural activities and the presence of fish ponds have been reported from the Ituri region (Depasse 1956) , and specifically the use of Oreochromis leucostictus; Oreochromis macrochir (Boulenger, 1912) ; and O. niloticus has been mentioned in the framework of the aquaculture project described by Depasse (1956) . 'Haplochromis' aeneocolor is not a species that is used for aquaculture, but was probably accidentally introduced in the Ituri (see above). Distribution patterns within the Aruwimi. Species richness and the relative representation of every family in the different sections of the Aruwimi basin (see material and methods) are presented in Table 4 . Even though extensive sampling has been undertaken in the Epulu, only 39 species have been documented from this river. This low species richness could be the result of the Arabia Falls on the downstream part of this river, forming a physical barrier for fish dispersal. Similarly, the Ngoy Falls on the Ituri, just upstream of the Epulu/Ituri confluence (in the downstream section of A7; Fig. 1 ) seem to have influenced the species richness. Indeed all sections of the Aruwimi headwaters, upstream of the two waterfalls (A6-A9) yielded a similarly small number of species (Table 4) . The species numbers in A2 to A4 (especially A2) were rather low compared to the other sections; this is most probably because very few records were available from these sections of the Aruwimi. From A1 and A5 on the other hand, many records were available, including those from the recent expeditions. In these regions, the number of species was much higher than that of the areas in between and of the headwaters. A gradual increase in species richness along an upstream-downstream gradient (Hawkes 1975 , Matthews 1986 ) could also be a cause of the low species richness in the headwaters compared to the lower reaches. This is a well-known phenomenon for temperate and tropical stream fish communities, and has already been reported in several studies on African fishes (Kamdem Toham and Teugels 1998 , Kouamélan et al. 2003 , Ibanez et al. 2007 ). In the Aruwimi, this pattern was not that pronounced, which could be due to the fact that sampling has not been carried out in a standardized way, meaning that not every section is sampled equally intensive. The presence of the two barriers on the Epulu and the Ituri, could also explain the abrupt break in species richness between A5 and the more upstream sections, instead of a more gradual decrease that would be expected based on the upstream gradient alone. Not only in species richness, but also in species composition, differences exist throughout the Aruwimi basin (Table 4) , with the main dissimilarities found between the headwaters (A6-A9) and the lower reaches. In the lower reaches (A1), the Mormyridae was by far the most dominant family, covering 21.2% of the species richness. In the headwaters, above the falls (A7-A9), the Mormyridae covered only about 15% of the species richness, and even only 2.6% (one single species) in the Epulu (A6). The same trend, but to a somewhat lesser degree was noticeable in the Distichodontidae with a share of 10.6% of the species richness in the lower reaches, and only 5.1% to 5.8% in the Ituri upstream of the confluence with the Epulu, and even no recorded species from the Epulu. A reverse pattern was visible for the Cyprinidae. In the lower reaches, only 6.8% of the species were cyprinids, while these percentages increased greatly when moving up to the headwaters. In the Epulu, the Cyprinidae was clearly the most dominant family with 15 out of 39 species (38.5%), and in the majority of upstream sections of the Ituri (A7-A9) percentages varied between 28.2% and 34.6%. For the Alestidae, also a well-represented family in terms of species diversity in the area studied (Fig. 2) , no substantial differences were observed between various sections of the Aruwimi basin.
Mormyridae is the most dominant family in the Congo main stream (Poll 1963) . As no geographical barriers exist in the lower reaches of the Aruwimi, fish species can easily disperse from the Congo main stream to this part of the tributary. As such, the ichthyofauna in the lower reaches greatly resembles the one of the Congo main stream, with also the Mormyridae being by far the most dominant family. Also, a high diversity of Cyprinidae has already been documented for the peripheral parts of the Congo basin in general (Matthes 1964) , which is thus confirmed by our recorded species composition in the Ituri.
Noteworthy is the absence of the families Pantodontidae, Notopteridae, Eleotridae, Channidae, and Protopteridae in the headwaters (Table 1) , though representatives of these families, e.g., Pantodon, Kribia, and Protopterus (P. dolloi) (Matthes 1964) , commonly occur in the central part of the Congo basin. The fact that Eleotridae have not been encountered in the headwaters could also be due to sampling bias, as these very small species are not captured with gill nets or fykes, but only with scoop-nets (see above). However, scoop nets have been intensively used during the OWR 2009 expedition to the Ituri/Epulu. Therefore, the absence of this family in the Ituri is more likely to be real than the result of sampling bias. Interestingly, except for the Eleotridae, all these families that are absent from the Ituri, display morphological adaptations for air breathing. It is, however, difficult to link this observation to their absence in the Ituri. A possible explanation could be that these adaptations are less useful in the Ituri, where large oxygen-poor flooded areas, typical for the Cuvette Centrale, are lacking.
The presence of the two sets of waterfalls (the Arabia on the Epulu near its confluence with the Ituri, and the Ngoy just upstream of this confluence on the Ituri itself; Fig. 1 ), and the fact that the Ituri/Epulu is relatively well sampled offers an opportunity to evaluate whether the falls have a large influence on its species composition. Indeed, to some degree, the ichthyofauna in the Epulu has some specific characteristics not found in the other sections of the Ituri. First, three species seem to be endemic to the Epulu: Labeobarbus macroceps, Brycinus epuluensis, and Fenerbahce sp. 'Epulu'. In addition, nine families are absent from Epulu although they do occur in the rest of Ituri (e.g., Bagridae, Distichodontidae, Mastacembelidae, and Schilbeidae). The falls on the Ituri seem to have a somewhat lower impact on the species composition than the falls on the Epulu, with only five of the families occurring downstream that are absent upstream of these falls. In addition, two endemics occur in the upper sections of the Ituri, but they are species only known from their type specimens (Labeobarbus mirabilis and L. humphri). Despite the presence of these two waterfalls that can act as barriers, the ichthyofauna of the Epulu was generally similar to the upstream part of the Ituri, and more pronounced differences in species composition were noticed between the combined Ituri/Epulu headwaters and the lower reaches of the Aruwimi (discussed above).
In order to analyse differences and similarities between the different sections of the Aruwimi basin, a correspondence analysis was performed. A first analysis, including all sections of the Aruwimi (not illustrated), showed mainly that section A2 was largely separated from the rest. As only very few records were available from this part, sampling bias most probably caused these results. Therefore, section A2 was omitted from further analysis. On a scatterplot of the two dimensions of a subsequent analysis, the main differences are situated on the first axis (Fig. 3) . Along this axis, three groups of river stretches can be distinguished:
• The lower reaches (A1) on the negative part of this axis; • The middle sections (A3-A5) also on the negative part of this axis, but closer to the point 0.0; • The headwaters of the Ituri (i.e., upstream of the confluence with the Epulu) and the Epulu (A6-A9), located on the positive part of this axis.
As such, the different sections are structured along an upstream-downstream gradient, from the lower reaches up to the headwaters. On axis 2, sections A3-A5 are clearly separated from the remaining sections. This separation could be due to the fact that A3 and A4 (with the most positive values) are the most poorly sampled river sections in the dataset (apart from the excluded A2). However, section A5 is also located on the positive part of axis 2, while it has been intensively sampled.
The correspondence analysis confirms that the Epulu (A6) only slightly differs in species composition from the other sections of the Ituri River (A7-A9), upstream from the confluence Epulu/Ituri, which points to only a limited impact of the waterfalls on the Epulu. The most downstream section, of what is called the Ituri (A5), does not cluster with the other sections of the Ituri on axis 1. Instead, it is situated closer to the more downstream sections of the Aruwimi, which could be explained by the effect of the Arabia and Ngoy Falls (see above).
Environmental parameters could also play an important role in the fish distribution in the area. Data of online available GIS layers (Foley et al. 1996 ) indeed indicates differences in environmental conditions between headwaters and lower reaches of the Aruwimi. For example, in the headwaters, annual precipitation and mean water temperature is lower than the middle and lower sections (respectively about 1300 mm vs. 1700 mm; and 17°C vs. 25°C). Thus, in addition to the influence of physical The Aruwimi basin has been divided into sections of about 130 km, with A1 being closest to the main stream, and A9 the most upstream section; A5 up to A9, the upstream sections of the Aruwimi basin, are called the Ituri River; A5 is the section downstream of the confluence of the Epulu with the Ituri, A6 is the Epulu itself, and A7-A9 are sections of the Ituri River upstream of this confluence; N = number of species; Total N = total number of species.
barriers, these differences in environmental conditions could also explain the differences in species composition between the headwaters and the lower reaches. The fact that the most upstream sections of the Ituri (including the Epulu) all seem to have similar environmental conditions, could also explain the similar ichthyofauna in the Epulu and the other sections of the headwaters. The dissimilarities between sections of a basin and the presence of endemics in smaller (isolated) river stretches (e.g., three in the Epulu River), is something to consider for conservational issues, as protected areas often only comprise a small part of river basins. As such, only the ichthyofauna of that specific part will fall under protective regulations. In the Aruwimi basin, the Okapi Wildlife Reserve comprises a part of the Ituri headwaters and a large part of the Epulu River. The location of this reserve is beneficial as the specific ichthyofauna of the headwaters is protected. Indeed, our results indicate that these headwaters have a different species composition from the lower reaches and harbour several endemics, while most species from the lower reaches also occur in the Congo main stream. However, in the more upstream part of the Ituri River, outside of the reserve, there are important mining activities (AW pers. comm.). These activities may have a severe negative impact on the fish species due to runoff of sediments, and also affect the fish populations in more downstream parts, including the parts of the basin that fall within the Okapi Wildlife Reserve. 
